Aims: To investigate by ultrasonography (US) in a cohort of active RA patients starting biologic therapy the responsiveness of tenosynovitis of wrist and hands compared to the responsiveness of synovitis in a 6 month period follow-up, to compare the responsiveness of finger flexor tenosynovitis with the responsiveness of wrist extensor tenosynovitis and to describe the subclinical synovitis and tenosynovitis in RA patients in clinical remission. Material and methods: Fifty seven patients with active RA starting biologic therapy were included. Clinical, laboratory, and US evaluations were performed at baseline, 1, and 6 months. US evaluation included wrist and MCPs 2-5 joints, bilaterally for synovitis and extensor tendons compartments 2, 4, and 6 and finger flexors 2-5 for tenosynovitis. Eighteen US scores based on semiquantitative or binar grades were calculated at each visit. Responsiveness of synovitis and tenosynovitis scores was calculated using the standardized response mean (SRM). Results: The responsiveness of US tenosynovitis was lower comparing with the responsiveness of US synovitis but both showed large effect of therapy. Furthermore, tenosynovitis responsiveness was similar to CRP responsiveness (SRM -0.90). Finger flexors tenosynovitis showed a higher responsiveness than extensor tenosynovitis on GS (-0.94 compared to -0.63) and a lower SRM on PD (-0.56 compared to -0.85). Tenosynovitis scores remission was overlapping clinical remission according to CDAI and SDAI in 100% of cases. Overall there was less subclinical tenosynovitis than subclinical synovitis at final visit according to clinical activity indices. Conclusion: Tenosynovitis US scoring in RA may be as good as synovitis scoring for characterization of disease activity and responsiveness.
Introduction
Disease activity quantification in rheumatoid arthritis (RA) for both clinical purposes and clinical trials is based on composite scores such as the Disease Activity Score for 28 joints (DAS28), the Simplified Disease Activity Index (SDAI), or the Clinical Disease Activity Index (CDAI) [1] [2] [3] . All scores include clinical evaluation of tender and swollen joints and the patient's opinion regarding his own disease (on Visual Analogic Scale-VAS).
Ultrasonographic (US) evaluation has proven an added value over clinical examination in assessing RA changes in large and small joints [4, 5] . The first fact that contributes to this added value is its ability to depict subclinical inflammation in RA patients, which has prognostic relevance concerning subsequent joint damage even after clinical remission, especially in the presence of Doppler-US-detected synovitis in one or more joints [6] [7] [8] [9] [10] [11] [12] . The current goal of RA therapy tends to timidly change from clinical to US remission achieving. A second reason for the added value of US over clinical assessment is its capability to detect tenosynovitis separately from synovitis at the site of clinically swollen joints. Tenosynovitis is very frequently encountered in RA patients and US was proven better than clinical examination for tendon evaluation [13] . Moreover, US was described as the gold standard imaging method for the evaluation of superficial tendons in rheumatologic and musculoskeletal diseases [14] .
Tenosynovitis in RA is an important focus of current US research. OMERACT (Outcome Measures in Rheumatology in Clinical Trials) Ultrasound Task force group has specifically pointed out tenosynovitis and tendon damage in RA as one of the main directions for current and future research [15] . Few data are available at this moment regarding tenosynovitis' responsiveness after remissive treatment in RA patients [16] .
This study had the following objectives: to investigate, in a cohort of active RA patients starting biologic therapy, the responsiveness of tenosynovitis of the wrist and hands compared to the responsiveness of synovitis during a 6 month period follow-up; to determine whether the responsiveness of finger flexor (volar) tenosynovitis is different than the responsiveness of wrist extensor (dorsal) tenosynovitis; to describe the subclinical synovitis and tenosynovitis in RA patients who achieved clinical remission after biologic therapy.
Material and methods
This was a prospective multicentric national (i.e. 5 centres) study. Fifty-seven RA patients (50 female) aged 26-75 (mean 55.28 ± 10.13) years with a mean disease duration of 113.9 ± 105.2 months (range 6-414 months) with active disease as defined by DAS28 [1] were included in the study in five centers in Romania (four centers in Bucharest, one in Cluj-Napoca). Patients were selected to fulfill criteria for the initiation of biologic therapy -well defined RA according to ARA modified classification criteria [17] and a history of treatment with two different DMARDs at maximal dosage for at least 3 months each with persistence of moderate or high disease activity at the enrollment moment (DAS28>3.6 ). All patients signed the Informed Consent before enrollment. The study was approved by the Local Ethics Committees of all sites involved.
First study visit (V0) was scheduled the same day of biologic therapy initiation and subsequent visits (V1 and V2) at 1 and 6 months. The time intervals were chosen to permit the evaluation of early (at 1 month) and late (at 6 months) effects of biologic therapy on joints and tendons' inflammation. The 6 months control of disease activity is mandatory for patients receiving biologic therapy, having decision power over continuation or switching of biologic therapy [18] .
Clinical and laboratory assessments At each visit patients were clinically examined by a rheumatologist, blinded to laboratory and US evaluations. Clinical evaluation included tender and swollen joints counting, patient VAS for pain and general disease evaluation and physician VAS evaluation. The joint assessor was the same for the whole study duration (one at each site).
Blood analysis included Erythrocyte Sedimentation Rate (ESR), C Reactive Protein (CRP), Rheumatoid Factor (RF) and Anti Cyclic Citrullinated Peptides Antibodies (CCP-ACPA). Clinical scores performed at V0 and V2 were: DAS28 (CRP 4 variables), CDAI, and SDAI. At V1 only clinical score CDAI was calculated, as per protocol there was no blood sampling at 1 month.
US examination
At each site a rheumatologist with at least 5 years of experience in musculoskeletal US was selected to perform grey-scale (GS) and power Doppler (PD) US evaluation on the same day with clinical evaluation and blinded to its results. Joints examined with US were bilateral wrists at the level of radius, lunate, and capitate bones from dorsal side, metacarpophalangeals (MCPs) 2-5 and proximal interphalangeals (PIPs) 2-5 from both dorsal and volar sides. US examination included the evaluation of the following tendons: wrist extensors compartments 2, 4, and 6 and finger flexors 2-5 at both hands. The machines used in the study were Esaote MyLab 25, 50 and 70 equipped with a linear transducer with 12-18 MHz frequency. The machine settings for GS and PD were adjusted for small joints evaluation. For Doppler examination the machines were set for maximal sensitivity to detect blood flow (Doppler frequency 6.5-7.5 MHz, PRF 500-750 Hz, low Wall Filters). All settings were maintained constant throughout the study. These settings were decided at an inter-observer reliability session scheduled before the study beginning.
Joint synovitis was graded semi-quantitatively using a four grades scale 0/1/2/3 separately for GS and PD [19] . Synovitis on GS was defined as the presence of abnormal hypoechoic material within joint recesses. PD synovitis was defined as the presence of Doppler signals inside the intraarticular hypoechoic area. In addition to semi-quantitative scale, a binary grading was performed for joints synovitis (0= no synovitis, 1= present synovitis), for both GS and PD. Grade 1 in binary scale included grades 1, 2 and 3 on semi-quantitative scale. Tenosynovitis was binary evaluated (0/1) for GS and PD. Grade 0 was defined as no abnormal hypo/anechoic material within the sheath/no abnormal Doppler signal inside/around it for the whole tendon course surrounded by tendon sheath. GS grade 1 was defined as hypo/anechoic area in the tendon sheath. PD grade 1 was defined as Doppler signal in the tendon sheath or inside the tendon. Grades from all joints and tendons US evaluations were noted on a worksheet. Examples of joints and tendons with pathological elements are in figures 1 and 2.
US scores consisting of sum of semi-quantitative or binary grades corresponding to joints and tendons were designed. The scores were calculated as the arithmetic sum of synovitis/tenosynovitis grades from each evaluated joint/tendon, respectively on the dorsal and volar side of both hands. For synovitis quantification on GS the designed scores were the following: DGSS (Dorsal GS Synovitis Score), VGSS (Volar GS Synovitis Score) and GGSS (Global GS Synovitis Score, the sum of DGSS and VGSS). For PD synovitis, the computed scores were: DPDSS (Dorsal PD Synovitis Score), VPDSS (Volar PD Synovitis Score) and GPDSS (Global PD Synovitis Score, the sum of DPDSS and VPDSS). For GS binary evaluation of synovitis, the scores were: DGSSb, VGSSb and GGSSb (dorsal, volar and global GS synovitis binary evaluated) and for PD binary evaluation of synovitis the scores were DPDSSb, VPDSSb and GPDSSb (dorsal, volar and global PD synovitis binary evaluated).
US-calculated scores for GS tenosynovitis were: DBTend for dorsal GS tenosynovitis, VB-Tend for volar GS tenosynovitis and GB-Tend for global GS tenosynovitis. For PD tenosynovitis, the calculated scores were: DPDTend, VPD-Tend and GPD-Tend for PD tenosynovitis on dorsal, volar and both sides respectively. All global scores were calculated as the sum between dorsal and volar scores.
US remission was defined according to the literature as the absence of GS and PD synovitis in all examined joints [7] . The same criterion was applied in our study for tenosynovitis US remission (the total absence of GSUS and PDUS signs of tenosynovitis). Low level of imaging activity was defined less strictly, allowing gradually 1 to maximum 2 joints or tendons with positive synovitis or tenosynovitis, binary graded (GS and PD global scores for binary evaluation of synovitis and tenosynovitis≤1 or ≤2). GS and PD synovitis detected with US in patients in remission according to clinical scores was named subclinical synovitis [20] . GS and PD tenosynovitis detected with US in the same group of patients was named in our study subclinical tenosynovitis.
Inter/intra-observer reliability Before the beginning of the study, a session for inter/ intra-observer reliability assessment was held. The first exercise was performed on 4 active RA patients during one day (7 hours) on two different US machines (Esaote MyLab 25 and 70). All investigators examined all patients in a randomly assigned order. The ultrasonographers saved their video captures and created a pool of data. The second exercise was performed one month later and tested the intra-observer reliability; from the initial pool of video captures an independent evaluator (FB) randomly selected 20 records that were re-evaluated by each ultrasonographer (over the internet, the procedure is detailed elsewhere) [21, 22] .
Statistical analysis
Statistical analysis was performed using SPSS version 22.0 (IBM Corp. USA), and the MedCalc (MedCalc Software, Mariakerke, Belgium).
Inter-observer agreement was evaluated by Light k and intra-observer agreement was evaluated by Cohen's k. The following thresholds were used: <0.2 -poor, 0.2-0.4 -fair, 0.4-0.6 -moderate, 0.6-0.8 -good, >0.8 -excellent agreement [23] .
A one-way repeated measures ANOVA was conducted to determine whether there were statistically significant differences in GS and PD scores separately for joints and tendons over the course of biological intervention (when data was available just for two time-points a paired sample t-test was used instead). Values are shown as mean ± standard deviation (SD), unless otherwise stated.
Responsiveness of US scores was calculated using the Standardized Response Mean (SRM) defined as the ratio between the mean changes and the SD of the changes. A SRM <0.20 was considered as expressing a trivial effect, a SRM of 0.20-0.50-a small effect, 0.50-0.80 a moderate effect and >0.80 a large effect [24] . The responsiveness was evaluated between V0 and V1 and between V0 and V2.
A Spearman's rank-order correlation was run to assess the relationship between GS/PD synovitis and GS/ PD tenosynovitis in dorsal and, respectively, volar side 
Results

Patient characteristics and clinical findings
Out of the 57 patients, 55 finished the study (2 were lost to follow up). The biologic therapies prescribed for the patients were Infliximab (8 patients), Etanercept (18 patients), Adalimumab (24 patients) and Tocilizumab (7 patients). The DMARDs therapy administrated prior to the biological therapy consisted of methotrexate (20 mg/week), sulphasalazine (2g/day), and leflunomide (20 mg/day). Forty five patients (78.9%) were on low corticosteroid dose (<10mg/day). There were statistically significant changes in GSUS and PDUS global scores for synovitis and tenosynovitis over the 6 month follow-up period (table II) . The mean value for all global synovitis and tenosynovitis scores was decreased in 38.7-68.1% from the initial value at V1 and in 66.3-88% at V2. The mean value difference between V2 and V0 was higher for PD scores than for GS scores and was in the same range for tenosynovitis and synovitis. N -number of patients; ESR -Erythrocyte Sedimentation Rate; CRP -C Reactive protein; DAS -Disease Activity Score; SDAI -Simplified Disease Activity Index; CDAI -Clinical Disease Activity Index; GGSS -Global GS synovitis score; GGSSb -Global GS synovitis score binary graded; GB-Tend -Global GS tenosynovitis score; GPDSS -Global PD synovitis score; GPDSSb -Global PD synovitis score binary graded; GPD-Tend -Global PD tenosynovitis score
The SRMs for all calculated US scores are shown in table III. Considering a SRM>0.8 as showing a large effect of therapy, only the volar PD tenosynovitis score (VPD-Tend) and the dorsal GS tenosynovitis score (DBTend) were not included in this category (SRM -0.56, -0.63, respectively, values for V2 to V0 comparison). All other scores showed excellent responsiveness after therapy (-0.85 to -1.84). When comparing responsiveness of tenosynovitis with responsiveness of synovitis, SRM values were higher for synovitis than for tenosynovitis scores. Responsiveness evaluated at V1 showed also moderate to large effect of therapy, with the exception of volar PD evaluation of tenosynovitis (-0.38). When comparing the responsiveness of volar and dorsal tenosynovitis, volar tenosynovitis showed higher SRM on GS (-0.94 compared to -0.63), while dorsal tenosynovitis showed higher SRM on PD (-0.85 compared to -0.56).
Correlations between GS synovitis and GS tenosynovitis in both dorsal and volar side of the hand were fair to moderate (table IV) . The correlations were not calculated for PD synovitis and tenosynovitis, due to the reduced number of cases of PD volar tenosynovitis.
Correlations between US parameters and clinical indices of disease activity (SDAI, CDAI and DAS28) were tested at V0 and after 6 months. A significant parallel decrease in all GS and PD scores and clinical scores was DGSS -Dorsal GS synovitis score. DPDSS -Dorsal PD synovitis score; DB-Tend Dorsal GS tenosynovitis score; DPD-Tend -Dorsal PD tenosynovitis score; DGSSb -Dorsal GS synovitis score binary graded; DPDSSb -Dorsal PD synovitis score binary graded. VGSS -Volar GS synovitis score. VPDSS -Volar PD synovitis score; VB-Tend -Volar GS tenosynovitis score; VPD-Tend -Volar PD tenosynovitis score; VGSSb -Volar GS synovitis score binary graded; VPDSSb -Volar PD synovitis score binary graded. GGSS -Global GS synovitis score; GGSSb -Global GS synovitis score binary graded; GB-Tend -Global GS tenosynovitis score; GPDSS -Global PD synovitis score; GPDSSb -Global PD synovitis score binary graded; GPD-Tend -Global PD tenosynovitis score Table IV . Correlations between volar synovitis -tenosynovitis, dorsal synovitis -tenosynovitis (for GSUS scores) at V0 (baseline), V1 (1 month), and V2 (6 months). found during the follow-up (p< 0.01 for within-subject between-visit changes in each parameter). The highest correlation was found between global PD synovitis score and SDAI at V2 (r=0.61, p<0.001). All correlations are available in Table V . Table VI displays the number of joints and tendons with US subclinical pathology in GS and PD, according to the definitions stated before. Tenosynovitis scores remission, strict or lax, was overlapping clinical remission according to CDAI and SDAI in 100% of cases. There were no tendons with positive GS or PDUS findings in the patients in remission according to CDAI and SDAI. Overall there was less subclinical tenosynovitis than subclinical synovitis at V2 according to all clinical activity indices. 
Subclinical synovitis and tenosynovitis
Reliability
Discussions
To the best of our knowledge, this is the first study that compares the responsiveness of hand tenosynovitis and synovitis in a cohort of patients with active RA starting biologic therapy.
A number of publications have addressed US assessed tenosynovitis. Some studies regarding US incidence [25] [26] [27] , validity [13] and inter-observer reliability of US detection of tenosynovitis involving multiple investigators [28] [29] [30] [31] have been performed. Tenosynovitis has been included together with synovitis without separation between joints and tendons' pathology in some described US scores [32] [33] [34] [35] .
In our cohort the incidence of tenosynovitis was very high at V0 (96.5% had at least 1 tendon affected in GSUS and 77.02% in PDUS). This incidence was much higher than was reported in other cohorts in the literature [25] [26] [27] , which indicated the presence of tenosynovitis in approximately 50-60 % of included patients. In a group of 50 patients with early, untreated RA, Wakefield et al [36] found flexor tenosynovitis in 82% of patients with MRI and in only 48% of patients with US. A possible explanation for our higher incidence is that our patients had very active and late RA (mean DAS 28 at V0 6.4; mean (*)= p<0.05, (**)=p<0.01, Spearman's rank correlation test, NS -not significant; DAS, Disease Activity Score; SDAI, Simplified Disease Activity Index; CDAI, Clinical Disease Activity Index; GGSS -Global GS synovitis score; GGSSb -Global GS synovitis score binary graded; GB-Tend -Global GS tenosynovitis score; GPDSS -Global PD synovitis score; GPDSSb -Global PD synovitis score binary graded; GPD-Tend -Global PD tenosynovitis score DAS -Disease Activity Score; SDAI -Simplified Disease Activity Index; CDAI -Clinical Disease Activity Index; GGSSb -Global GS synovitis score binary graded; GB-Tend -Global GS tenosynovitis score; GPDSSb -Global PD synovitis score binary graded; GPD-Tend -Global PD tenosynovitis score disease duration 113.91 months). Selection of tendons sites for US evaluation in our study was based upon literature data, as these tendons were found most frequently affected in RA [25, 28, 37] . The first conclusion of our study was that synovitis and tenosynovitis in RA respond with the same pattern during remissive treatment. Overall, the responsiveness of US tenosynovitis scores was lower that the responsiveness of US synovitis but both showed large effect of therapy. Furthermore, tenosynovitis responsiveness was similar to CRP responsiveness (SRM -0.90). Particularly, in our study, finger flexors tenosynovitis had a higher degree of responsiveness than extensor tenosynovitis on GS (-0.94 compared to -0.63) and a lower SRM on PD (-0.56 compared to -0.85). This could be due to the difficult interpretation of wrist extensors US pathology, with frequent confusion with extensor retinaculum [30] and could also be due to the smallest number of PD positive cases of flexor tenosynovitis in our study.
Few data are available in literature regarding the responsiveness of tenosynovitis in RA after remissive therapy. Lindegaard et al [38] showed that the incidence of tenosynovitis in early arthritis was very high (60%) compared to 6 months arthritis patients (28%). This observation led to the assumption that tenosynovitis might evolve better than synovitis under treatment. Hammer et al [16] concluded that wrist and ankle US detected tenosynovitis in 20 RA patients treated with adalimumab was responsive to change in a similar way with synovitis. The study did not include finger flexors.
Finally, our study dealt with US subclinical synovitis and tenosynovitis in RA patients in remission according to clinical indices. Remission is assumed nowadays as the most important goal in RA treatment. After emerging of biologic therapy, the general percentage of RA patients achieving remission has improved; however, in a large cohort of Danish patients (n=2326), 75% of the patients did not achieve remission according to DAS28 after 6 months of biologic treatment [39] . In our study, although the cohort was much smaller, the percentage of patients not in clinical remission according to DAS28 at 6 months was about the same (71.3%). DAS28 at a cutoff level of 2.6 was described to have insufficient construct validity [12] and advice was made to be used with caution for remission considerations in clinical practice and in clinical trials. As a consequence, SDAI-determined definition of remission is increasingly implemented in clinical practice and trials (SDAI<3.3) [40] . Nevertheless, intra-articular Doppler signal (defining subclinical PD synovitis) was found in previous studies in 45% of patients in remission according to SDAI [7] . No study was designed so far to describe subclinical tenosynovitis in RA.
In our study, in accordance with previously published data [9] , the SDAI and CDAI remission criteria were fulfilled by fewer patients than the DAS28 remission criterion (9 patients in remission according to SDAI and 11 patients in remission according to CDAI compared to 16 patients in remission according to DAS28). Less subclinical synovitis was found at V2 if SDAI was used as remission criterion compared to DAS28. Surprisingly, US tenosynovitis was not found in patients in remission according to the SDAI or the CDAI.
Another interesting observation in our study was that in all cases with US synovitis remission (defined as total US scores ≤2) the tendons were in US remission too, according to the same definitions. This finding indicated consistency between US-defined remission based on synovitis or tenosynovitis.
This study has some limitations. The first one would be the limited number of patients and the high proportion of tenosynovitis positive patients among them at baseline. This finding made classification and comparison between subsets of patients (with and without tenosynovitis) practically impossible. A second limitation would be the referral to only late, very active RA. The responsiveness of tenosynovitis in early RA starting DMARD therapy is still unknown. A small proportion of our patients achieved remission according to different clinical criteria-as a consequence, US remission considerations of subclinical synovitis and tenosynovitis are only descriptive for our cohort.
In conclusion, our study suggests that tenosynovitis US scoring in RA may be as good as synovitis scoring for characterization of disease activity and responsiveness. In addition, US-assessed tenosynovitis may be closer to clinically assessed remission than US-assessed synovitis in RA patients.
